This briefing note builds on previous work by Crawford and Cribb (2013) to investigate the link between children's reading skills at age 10 and their outcomes as adults using data from the British Cohort Study (a survey of individuals born in one week of April 1970). We find that reading skills are associated with significant increases in gross hourly wages and gross weekly earnings, particularly at older ages (ages 38 and 42), but less consistent evidence for strong links between reading skills in childhood and other outcomes in adulthood, including the likelihood of being in work, self-reported health status and the intergenerational transmission of reading skills. We also find some suggestive evidence that the link between reading skills in childhood and wages and earnings in adulthood is stronger amongst those from poor backgrounds. Overall, this note provides suggestive evidence that improving reading skills in childhood may be one route through which earnings potential in adulthood could be increased, although it should be noted that these estimates are associations rather than evidence of causality.
Introduction
This briefing note investigates the link between children's reading skills and adult outcomes using data from the British Cohort Study. It builds on previous work by Crawford and Cribb (2013) 4 -who explored the links between reading and mathematics skills at age 10 and labour market outcomes at ages 30, 34 and 38 using the same data -in five key ways: first, we investigate labour market outcomes at older ages (up to age 42); second, we investigate a wider range of adult outcomes, including self-reported health status and the likelihood of reading to one's own children; third, we make comparisons at different parts of the reading distribution -in particular between those scoring in the bottom 25% versus the middle 50% or top 25%; fourth, we investigate whether the importance of reading skills varies between children from poor and non-poor backgrounds; fifth, we explore the robustness of our results to the use of more flexible regression techniques (specifically the use of a technique known as propensity score matching).
Data and methodology
To conduct our analysis, we use data from the British Cohort Study (BCS), which tracks individuals born in a particular week of April 1970 through their lives, up to and including the latest survey in 2012, when the individuals were aged 42. Of particular interest for our study is the fact that BCS cohort members were tested on their reading skills at age 10 using a shortened version of the Edinburgh Reading Test. We calculate the percentage of questions that they answered correctly and split children into three groups on the basis of this total score: the top 25%, middle 50% and bottom 25%. Our analysis shows the advantage of scoring in the middle 50% or the top 25% (relative to the bottom 25%) on a range of outcomes at ages 30, 34, 38 and 42: the likelihood of being in work, gross hourly wages, gross weekly earnings, self-reported health status and the frequency of reading to one's children. Appendix Table 1 shows the average outcomes amongst individuals in our sample at each age.
We estimate the relationship between reading scores at age 10 and later outcomes using a model of the following basic form:
In this model, the main coefficients of interest are 1 and 2 , which can be interpreted as the advantage associated with scoring in the middle 50% versus the bottom 25% in terms of reading skills at age 10 on the outcome in question and as the advantage associated with scoring in the top 25% versus the bottom 25% in terms of reading skills at age 10 on the outcome in question, respectively.
′ and
′ are different sets of control variables (specified below). For each outcome at each age, we show three sets of results:
• Raw differences (specification 1). This specification shows the link between reading skills and the outcome of interest without taking into account any of the other ways in which children with different reading skills may differ from each other. It is equivalent to a model without ′ and ′ ).
• Differences accounting for family background (specification 2). This specification shows the link between reading skills and the outcome of interest amongst children from similar backgrounds (e.g. of the same gender and ethnicity, whose parents have similar education and work histories, and so on, which form part of ′ ). This second specification includes ′ but not ′ .
• Differences accounting for other skills (specification 3). Reading skills are not the only types of skills that are likely to matter for the outcomes we consider; how well children do in maths and other cognitive tests, as well as their non-cognitive skills (e.g. confidence and self-esteem) may also be important. These skills are included in ′ . The final specification therefore considers the effect of reading skills over and above these other types of skills, and includes both ′ and ′ .
The exact variables that we control for in specifications 2 and 3 are listed in Appendix Table 2 .
We summarise the differences in characteristics between individuals with low, medium and high reading skills at age 10 in Table 1 . There are large and statistically significant differences between the groups. Compared with children scoring in the bottom 25% in terms of reading skills at age 10, those scoring in the top 75% are significantly less likely to be male, to have been born prematurely and to have had special educational needs, and significantly more likely to have been breastfed and to come from higher socio-economic backgrounds (as measured by the education levels of parents, probability that their parents own their home and various other measures). Individuals scoring in the top 75% in terms of reading skills at age 10 also have better other types of skills as well: for example, they are more likely to have higher maths skills and higher measures of non-cognitive skills (such as higher self-esteem, greater self-perceived ability and better behaviour). Given these differences, it is vital to account for the other ways in which children with different reading skills differ from each other when conducting our analysis. We also look at whether (conditional on their characteristics) the link between reading skills in childhood and later life outcomes differs for individuals who grew up in poor versus non-poor families. To do this, we compare the results for those children who grew up in the poorest 25% of families (as measured at age 10) with the results for those who grew up in the richest 75% of families. Choosing the poorest 25% of children corresponds to the relative child poverty rate (25.6%) based on a poverty line of 70% of median income in 1980 (the year that the individuals in our data turned 10). 5
For our results to be interpreted as the causal effect of reading skills on adult outcomes, we have to assume that cohort members with higher or lower test scores do not differ in unobserved ways that also affect their outcomes. This is a strong assumption to make; thus we interpret our results, even from specification 3, as evidence of strong associations rather than causal effects.
We also conduct some robustness checks (referred to where relevant throughout the note) to assess how sensitive these results are to making different assumptions about sample selection or method. 6 Table 2 shows the results for the three labour market outcomes: the likelihood of being in work, gross hourly wages and gross weekly earnings at ages 30, 34, 38 and 42. The top panel shows the link between reading skills at age 10 and the likelihood of being in work (relative to being unemployed or out of the labour market) at these ages. The middle panel shows the link between reading skills and gross hourly wages, and the bottom panel the link between reading skills and gross weekly earnings. 7
Results
5 The proportion of children living in poverty on the basis of the standard 60% of median income line was 16.6% in our sample. Unfortunately, this is too small a group for us to be likely to be able to identify significantly different results for poor and non-poor children. For more details, see the IFS poverty and inequality spreadsheet, http://www.ifs.org.uk/tools_and_resources/incomes_in_uk. 6 We also run our analysis using a technique known as propensity score matching. This reduces in two ways the risk that we mistakenly compare individuals who look very different from each other: first, by allowing us to account for characteristics more flexibly; second, by dropping individuals scoring in the bottom 25% in the reading test who look so different from those scoring in the middle 50% and top 25% that we cannot find an appropriate match. The appendix describes the intuition and assumptions underlying propensity score matching in more detail. 7 The wages and earnings outcomes are logged, which means that the coefficient estimates can be interpreted as the percentage change in wages or earnings associated with moving from the bottom 25% in terms of reading skills at age 10 to the middle 50% or the top 25% in terms of reading skills. The first column in the top panel shows that, relative to those scoring in the bottom 25% in terms of reading skills at age 10, those scoring in the middle 50% are, on average, 9.3 percentage points more likely to be in work at age 30 and those scoring in the top 25% are, on average, 13.7 percentage points more likely to be in work at this age. Accounting for the fact that children with different reading skills may come from different family backgrounds (in column 2) reduces the coefficient estimates somewhat, but they remain large and significant. Once we account for differences in other types of skills (in column 3), however, the estimated importance of reading skills falls sharply -although good reading skills remain significantly positively associated with the likelihood of being in work at age 30 in this model. These results suggest that those scoring in the middle 50% of reading skills at age 10 are, on average, 3.4 percentage points more likely to be in work at age 30 than those scoring in the bottom 25%, and those scoring in the top 25% are, on average, 2.9 percentage points more likely to be in work at age 30 than those scoring in the bottom 25%.
This pattern -of large raw differences that are substantially reduced after accounting for differences in family background and other skills -is reasonably consistent across ages. The remaining differences are, however, relatively small, given that the average employment rate across individuals in this cohort is over 80% at the ages we consider (see Appendix Table 1 ). It is also worth noting that reading skills are not significantly associated with the likelihood of being in work in our preferred specification (specification 3) at all ages, and indeed the pattern changes depending on whether we impose a common sample (see Appendix Table  3 ) and the type of model we use. 8 There is thus little consistent evidence that higher reading skills at age 10 confer a significant advantage in terms of the likelihood of being in work in adulthood (at least not at the ages we consider).
The middle and bottom panels of Table 2 focus on the link between reading skills at age 10 and gross hourly wages and gross weekly earnings respectively. Hourly wages provide an indication of an individual's productivity: their value to an employer per hour worked. Weekly earnings combine this measure of an individual's productivity with their choice of how many hours to work per week. A high-wage individual working part-time and a low-wage individual working fulltime may therefore end up with similar weekly earnings, but of course they will have very different hourly wages.
Despite their potentially different interpretations, however, the differences in hourly wages and weekly earnings by reading skills at age 10 are broadly similar. The raw differences in wages and earnings are large: we estimate that those scoring in the middle 50% in terms of reading skills at age 10 earn, on average, 15% more per hour and 14% more per week at age 30 than those in the bottom 25% in terms of reading skills at age 10. For those with the best reading skills, the differences are even starker: they earn, on average, 34% more per hour and 39% more per week than those with the weakest reading skills at age 30. Moreover, these differences tend to increase with age.
As was the case when examining differences in employment status, however, the inclusion of controls for family background reduces these estimates somewhat, with further substantial reductions occurring once we account for the other types of skills that individuals with different reading skills possess. Indeed, once we compare children from the same types of families with similar levels of other skills, the differences in wages and earnings at ages 30 and 34 are relatively small and not always significantly different from zero. There is some indication that this may change with age, however: at age 38, for example, it appears that individuals scoring in the top 25% in terms of reading skills at age 10 earn, on average, 12% more per hour and 14% more per week than those scoring in the bottom 25% in terms of reading at age 10. These differences are slightly smaller, but remain sizeable and significant, at age 42.
The fact that the raw differences increase with age, together with the fact that the gaps after accounting for other factors remain significant at later ages only, may perhaps suggest that individuals with strong reading skills experience steeper ageearnings profiles (i.e. that their wages increase more rapidly with experience). The same patterns are also found when we estimate the differences in wages and earnings for those with different childhood reading skills using a more flexible modelling technique (propensity score matching), 9 thus lending greater credibility to these estimates. Table 3 explores the link between early reading skills and some non-labour-market outcomes in adulthood. In particular, it shows whether an individual reports that they are in good, very good or excellent health (relative to fair or poor health, and labelled 'good health' in the table) at ages 30, 34, 38 and 42. It additionally shows whether parents who were good readers themselves as children are more likely to read with their own children more frequently as adults. This information is asked for once when the cohort member is aged 34 and only applies to individuals with children between ages 0 and 10 at this point in time.
The top panel of Table 3 focuses on self-reported health outcomes. The first column shows that those scoring in the top 25% in terms of reading skills at age 10 are, on average, 10.2 percentage points more likely to report that they have (at least) good health at age 30 than those scoring in the bottom 25% in terms of reading skills at age 10. The difference between the middle 50% and the bottom 25% is 6.8 percentage points, on average. As was the case for labour market outcomes, however, these differences are reduced slightly once we account for family background characteristics and substantially once we account for other skills that children with different reading abilities possess.
While there remain some significant differences in self-reported health status at some ages, the patterns are not very consistent across model specifications. There is thus little consistent evidence that reading skills in childhood are strongly predictive of self-reported health status in adulthood. This conclusion is not altered when we use a (common) sample of individuals whose self-reported health is observed at all ages (see Appendix Table 4 ).
The bottom panel of Table 3 shows the relationship between individuals' reading skills as children and how likely they are to read to their own children as adults. The first three columns consider the link between reading skills and the likelihood of reading to one's child daily, the second three columns the likelihood of reading to one's child at least once a week. Since the probability of reading to a child varies substantially depending on the age of the child, we control for the age of the child in all specifications.
The raw results suggest that reading skills are significantly associated with both outcomes, with those scoring in the middle 50% in terms of reading skills at age 10 being, on average, 6.7 percentage points more likely to read to their children daily compared with those scoring in the bottom 25% in terms of reading skills, while those scoring in the top 25% are, on average, 13.1 percentage points more likely to do so. These differences are reduced, and no longer statistically distinguishable from zero at conventional levels (the 5% level), once we account for other differences between individuals in terms of their family background and the other skills they possess. On the basis of these results, we therefore find little concrete evidence for a strong intergenerational transmission of reading behaviour.
Our preferred results (those in column 3 of each set of results for each outcome at each age) account for a wide range of other ways in which children with varying reading skills differ from each other. Nonetheless, it should be noted that where these results suggest that reading skills remain significantly associated with the outcome of interest even after accounting for these factors, this does not prove that changing children's reading skills will lead to them working more, earning more, perceiving themselves to be in better health or reading to their own children more frequently in adulthood. This is because we cannot be sure that we have fully captured all of the important ways in which these individuals differ from each other. These results should therefore be taken only as suggestive evidence of important links between reading skills and later outcomes.
Are good reading skills more important for children from poor backgrounds?
We also undertake analysis showing how the association between reading skills in childhood and outcomes in adulthood differs between poor children (those from families in the bottom 25% of the distribution of household income at age 10) and those from better-off families. We only present results controlling for both family background and the different skills that individuals have (i.e. using the third specification). We test not only whether the coefficients are themselves significantly different from zero, but also whether the effects of scoring in the middle 50% or top 25% (relative to the bottom 25%) differ for people who came from poor versus non-poor backgrounds. The results for labour market outcomes are shown in Table 4 and the results for non-labour-market outcomes are shown in Table 5 .
We find little evidence of any significant differences between those from poor and non-poor backgrounds in terms of the relationship between reading skills and the likelihood of being in work or the likelihood of reading to one's own children in adulthood. This is perhaps unsurprising given the lack of consistent evidence that we found for these outcomes overall (as described above).
We do, however, find some evidence of significant differences in terms of wages, earnings and self-reported health status, with those from poor backgrounds generally benefiting more from improvements in childhood reading skills than those from better-off families. For example, the middle panel of Table 4 shows that, amongst children growing up in poor families, those scoring in the top 25% in terms of reading skills at age 10 have wages at age 30 that are, on average, 12.6% higher than those scoring in the bottom 25% in terms of reading skills at age 10, while the difference for children from non-poor backgrounds with high versus low reading scores is only 2.3%, on average. These effects are significantly different from each other at the 10% level. This pattern -of greater rewards from higher reading skills amongst children growing up in poorer families -is repeated at all *** indicates that the estimates are significantly different from zero at the 1% level, ** at the 5% level and * at the 10% level. † † † indicates that the estimated coefficients for poor and not poor individuals are significantly different from each other at the 1% level, † † at the 5% level and † at the 10% level. All columns use specification 3. *** indicates that the estimates are significantly different from zero at the 1% level, ** at the 5% level and * at the 10% level. † † † indicates that the estimated coefficients for poor and not poor individuals are significantly different from each other at the 1% level, † † at the 5% level and † at the 10% level.
other ages, but the estimates are not significantly different from each other. A similar pattern can be seen in terms of weekly earnings.
The top panel of Table 5 also provides some evidence of greater benefits from higher reading skills amongst children growing up in poor families in terms of selfreported health status in adulthood, at least at some ages. For example, it shows that, amongst those from poor backgrounds, scoring in the top 75% in terms of reading scores at age 10 is associated with a significantly higher probability of reporting being in at least good health at ages 30 and 42 compared with people scoring in the bottom 25% of reading scores at age 10. This is in contrast to people who come from less poor families, for whom there are no significant differences. There are, however, no significant links between reading scores and self-reported health for adults from poor or non-poor backgrounds at ages 34 or 38.
Conclusion
This briefing note has examined the association between reading skills at age 10 and a range of outcomes in adulthood. Overall, it has shown that reading skills are associated with significant increases in gross hourly wages and gross weekly earnings, particularly at older ages (ages 38 and 42), but that there is less consistent evidence for strong links between reading skills in childhood and other outcomes in adulthood, including the likelihood of being in work, self-reported health status and the intergenerational transmission of reading skills. It has also found some suggestive evidence that the links between reading skills in childhood and wages and earnings in adulthood are stronger amongst those from poor backgrounds, although it should be noted that the coefficient estimates between those from poor and non-poor backgrounds are not significantly different from each other at all ages.
Overall, this note provides suggestive evidence that improving reading skills in childhood may be one route through which earnings potential in adulthood could be improved. However, while we have made good use of the rich data at our disposal to account for as many of the differences between individuals with different reading skills as possible, we cannot be sure that there are no remaining differences that may also matter for outcomes. Where we find evidence of significant differences, our results should thus be regarded as providing suggestive evidence of strong associations between reading skills and outcomes, rather than guaranteeing that a causal relationship between the two exists.
Propensity score matching
Propensity score matching relies on constructing a suitable comparison group on the basis of a wide range of characteristics that are observable to the researcher (i.e. available in the data at their disposal). The key assumptions underlying this approach are as follows. First, it must be assumed that, conditional on all observable characteristics included in the model, the outcomes for the treatment and comparison groups would be identical in the absence of the 'treatment' (in this case, different reading skills); this is known as the conditional independence assumption (CIA). Second, there must be some degree of common support between the characteristics of pupils in the treatment and control groups (i.e. there must be some individuals who score in the middle 50% or top 25% in terms of reading skills at age 10 who 'look' like those who score in the bottom 25% in all other ways); otherwise it will be impossible to find a suitable match for these individuals.
For the CIA to hold, the researcher must be able to observe all of the characteristics that are relevant both for determining whether the individual is in the treatment or comparison group and for determining the outcomes of interest. This means that the availability and selection of characteristics on which to match are crucial to the likelihood of the CIA holding. The larger the number of characteristics that must be included in the model, the harder it becomes to find a perfect match for each individual. One way to get around this problem is to estimate a propensity score, which is a simple way of summarising an individual's characteristics. This means that, rather than finding an exact match for each individual in the treatment group in terms of all of their observable characteristics, similar individuals can be found in terms of this summary propensity score.
The propensity score is simply the predicted probability from a model where the dependent variable is a binary variable equal to 1 if the individual is in the treatment group and to 0 if they are in the comparison group. All characteristics that are thought to predict either the likelihood of treatment or the outcomes of interest should be included in the model.
Once the propensity score has been estimated, individuals in the comparison group are weighted according to how closely matched they are to each individual in the treatment group. There are a number of different approaches to undertaking this weighting process -for example, giving weight only to those individuals in the comparison group that are closest in absolute terms to a particular individual in the treatment group (nearest-neighbour matching), allocating a fixed weight to all individuals within a certain absolute distance (radius matching) or allocating each individual in the comparison group a weight depending on how close they are to each individual in the treatment group (weighted smoothed matching).
The outcomes of individuals scoring in the bottom 25% of reading skills are then compared with the weighted outcomes of individuals scoring in the middle 50% or top 25% in order to estimate the association between higher reading skills in childhood and later outcomes. *** indicates that the estimates are significantly different from zero at the 1% level, ** at the 5% level and * at the 10% level.
Appendix
(1) shows the raw difference, (2) controls for family background and (3) controls for family background and other skills.
Appendix Table 4 . Link between childhood reading skills and non-labour market outcomes using a common sample across ages *** indicates that the estimates are significantly different from zero at the 1% level, ** at the 5% level and * at the 10% level. 'Good health' indicates that the individual reports they are in good, very good or excellent health.
